INTRODUCTION
Cellulose, the most abundant natural renewable biopolymer in the earth, is commonly degraded in to smaller fragments and finally glucose by the hydrolytic action of cellulase. The enzymatic hydrolysis generally requires synergistic action of three cellulolytic components endo-glucanase (E.C. 3.2.1.4), exoglucanase (E.C.3.2.1.91) and β-glucosidase (E.C.3.2.1.21). Cellulases as monocomponent as well as in combination are well known for their various industrial applications viz. animal feed, detergents, juice, pulp and paper, bio-fuel etc. The cellulolytic enzymes contribute to 8% of the worldwide industrial enzyme demands and the demand is expected to increase by 100% within 2014 (Sadhu et al., 2013) . The cellulase market has been estimated in the United States to be as high as US $ 400million per year (Zhang et al., 2006) . Fungi are the main cellulase-producing microorganisms and different strains of Aspergillus has been studied for the production of cellulases sometimes particularly for endo-glucanse for production, purification, and characterization (Quyen et al., 2011) . Generally cellulases are industrially produced by submerged process but solid state fermentation (SSF) also exploited and reported based on its economics and other advantages over submerged fermentation (SmF) described in different reports (Acuña-argüelles et al., 1995; Medina-Morales et al., 2011; Trulea et al., 2013; Sarao et al., 2013; Toor et al., 2013; Saida et al., 2013; Sharma et al., 2013) . SSF is a process wherein fermentation has been done in the absence of free liquid and first stage of product (e.g. enzymes etc.) recovery from the fermented mass is mainly done by applying suitable extraction liquid to leach out the protein in the liquid phase for further processing. So development of proper process conditions for this operation is essential. Generally during SSF the end of the pipe liquid handling is lower than the SmF as product present in more concentrated form which eventually reduces the further down streaming costs (Gombert et al., 1999) . But from the bulky solid mass, getting the product out of the system has many problems and requires proper process engineering which includes selection of suitable extractant, contact time between the fermented mass and the extractant, process temperature, mixing speed etc ( Lonsane et al., 1992) . There are several reports on the optimization of recovery of different enzymes produced by SSF root ( , 2010) . Statistical technique was the important tool to solve and determine the optimal condition of enzyme extraction process. Statistical technique by BBDOE was found in many researches, wherein it had been applied to predict the optimization of biological, chemical, and physical processes (Gao et al., 2007; Mukherjee et al., 2013) because of its reasonable design and excellent outcomes. The present investigation was designed to study the interactive effects of environmental conditions on the recovery of endo-glucanase from the fermented mass using RSM and its statistical optimization.
MATERIAL AND METHODS

Microorganism
Aspergillus terreus MTCC8661 was obtained from Microbial Type Culture Collection, India. The strain was maintained on Czapek Dox agar slant at 4 0 C. This strain had been used for the endo-glucanase production.
Chemicals and reagents
All the chemicals used during this study were of analytical grade.
SSF
The production endo-glucanase was done adopting SSF process. Wheat bran and soy hull crushed, procured from the local market, used as the substrate. The production media composed of 16g of equal amount of mixture of those two agro residues and it was supplemented with 4g of cellulose powder ( Himedia Cellulose from Cotton linters RM126). The initial moisture content adjusted with the Mandel's mineral salts solution (Mandels et al., 1974) to 60% inclusive 1ml spore suspension. The spore suspension was prepared by harvesting the spores from 7 days old culture and suspending in sterile distilled water containing 0.01% Tween-80. The spore count was estimated using hemocytometer which was 1*10 7 /ml. The media was prepared in 500 ml Erlenmeyer flask and sterilized by autoclaving for 20 min. and cool down at room temperature. Then the media was aseptically inoculated with the spore suspension and incubated at 30 0 C for 96 h in The endo-glucanase (E.C. 3.2.1.4) was produced by Aspergillus terreus adopting solid state fermentation (SSF) using agro residues as main substrate. To recover the enzyme from the fermented mass, different extraction liquids were tried and 10% aqueous solution of glycerol was found to be superior. When the selected extractant was applied at different ratio to the fermented solid mass, maximum enzyme was recovered at 1:5 (w/v) ratio. The other process parameters (time, temperature and mixing speed) effects on the enzyme recovery were subsequently studied by response surface methodology (RSM). Box-Bhenken Design of experiment (BBDOE) was exploited for the analysis of interactive effects of the independent variables. The optimization was done following the numerical approach focusing reduction in utility cost without compromising the endo-glucanse activity. Based on the predicted solution the validation experiments were carried out and finally 32 IU/g of endo-glucanase was recovered at room temperature, at a mixing speed of 100 rpm in 2.65 h which was very close to the predicted response. The optimization evidenced more than two times betterment in enzyme recovery than the un-optimized state. The model developed was found to be robust for process analysis. Repetitive extraction had revealed that maximum endo-glucanase recovery was required of two cycles of extraction at optimized conditions. a humidity controlled chamber. After fermentation the extra cellular enzyme was extracted using different extraction liquid and clarified by centrifugation (10000 rpm, 20min, at 4 0 C). The crude cell and spore free extract was used as the source of endo-glucanase.
Selection of extractant
The extractants screened to evaluate their efficacy for the endo-glucanase recovery from the fermented solid were demineralized water, tap water, distilled water, acetate buffer (pH:5.0), phosphate buffer (pH:5.0), normal saline, 10% aqueous soln. of glycerol, 10% aqueous soln. of ethanol, 10% aqueous soln. of acetone, 0.1% aqueous soln. of Tween-80, 0.1% aqueous soln. Triton-X-100, 10% acetate buffered (pH:5.0) soln. of glycerol, 10% acetate buffered (pH:5.0) soln. of ethanol and10% acetate buffered (pH:5.0) soln. of acetone.
Effect of the environmental conditions on the enzyme recovery from the fermented mass
To evaluate the effect of the recovery conditions and subsequent optimization, RSM was adopted. The independent parameters selected for the studies were contact time, process temperature and mixing speed. BBDOE was carried out to evaluate the influence of the selected factors and their possible interaction in the recovered enzyme activity, the response. Table 1 represented the design matrix of 17 trail experiments. Using this design, factors were prescribed into three levels, coded -1, 0 and +1 for low, middle and high levels. Numerical optimization was done using Design Expert (Version 8.0.7., Stat-Ease Corporation, USA). For predicting the optimal point, a second order polynomial function was fitted to correlate relationship between independent variables and response (endoglucanase activity). For a three factor system the model equation was, Y=β0+β1A+β2B+β3C+β11A 2 +β22B 2 +β33C 2 +β12AB+β23BC+β13AC -------------(1) Where Y, predicted response; β0, intercept; β1, β2, β3, linear coefficients, β11, β22, β33, squared coefficients; β12, β23, β13 , interaction coefficients and A contact time between fermented mass and extraction liquid (h), B is the mixing speed (rpm) and C is the temperature (°C) of extraction process. The response obtained was fitted in to the polynomial equation. 
Sequential extraction
The sequential extractions employed with the best extraction liquid at optimized environmental condition for consecutive three cycles with new batch of extraction liquid every time. Fresh solvent was added to the same fermented bran and the efficiency of extraction as a function of the number of cycles needed to achieve 100% activity from the bran.
Enzyme assay
The endo-glucanase activity was assayed using 2% CMC (Low viscosity Na salt) dissolved in 0.1 N acetate buffer (pH: 5) as substrate. The reaction mixture composed of 0.9ml of substrate and 0.1ml suitably diluted enzyme source. It was incubated for 30 min at 50 0 C in a shaking water bath. The reducing sugar liberated was estimated by dinitrosalicylic acid (DNSA) method (Miller. 1959).
One unit (IU) of endo-glucanase activity was defined as the amount of enzyme releasing 1µmol of reducing sugar expressed as glucose per min. The enzyme activity was expressed as IU/ g of dry substrate.
RESULTS AND DISCUSSION
Selection of extractant and estimation of extractant to fermented mass ratio for the recovery of endo-glucanase produced during SSF
Different extractants (14 nos.) were applied at five volume of the fermented solid mixed at 100 rpm for two hours at room temperature and subsequently enzyme was prepared by the same way discussed in the previous section. The 10% aqueous soln. of glycerol exhibited maximum enzyme recovery from the fermented mass (24.5 IU/g). (Fig.1) . For further refinement different concentrations of glycerol were employed but marginal improvement was obtained (data not shown) consequently for the rest of the study 10% aqueous soln. of glycerol had been used as extraction liquid. The lower dielectric constant of glycerol (DK value. 13.2) probably positively supported better interaction between enzyme protein and glycerol, leading to better recovery compared to other extractants. Palit et al (2001) and Negi et al (2011) also reported maximum enzyme extraction using glycerol solution. In addition it was also found that presence of polyols (e.g. glycerol) used to inhibit the denaturation process of the enzyme in aqueous solution (Costa et al., 2002; Bourneow et al.,  2012) which could also be the reason for better recovery.
Figure 1 Effect of different extractants on the recovery of the endo-glucanase produced by SSF
In order to obtain the best solid to liquid ratio for the enzyme recovery, the fermented solid was mixed with different volume of 10% glycerol. The ratios were (w/v), 1:2, 1:3, 1:4, 1:5, 1:6, 1:7. Beyond the ratio of 1:5 the enzym got diluted which in turn made the down streaming expensive and up to the ratio of 1:3 the enzyme was not completely leached out. The maximum enzyme recovery was achieved when 5 times of extractant was used (26 IU/g) for enzyme extraction (data not shown). So for the subsequent experiments the same ratio was used for the extraction of endo-glucanase.
Effect of the environmental conditions on the enzyme recovery from the fermented solid and statistical analysis
The BBDOE was employed to study the interactions among the significant factors and also determined their optimal levels. The effect of different levels of the three factors on the endo-glucanase activity was shown in Table 2 . Experimental results obtained were fitted to a second-order polynomial equation The predicted and actual response had been shown in the Table 2 . The maximum and minimum enzyme recovery was achieved in this study were 31.5 IU/g and 15 IU/g respectively. The residual analysis was also done applying the predicted vs. actual plotting and the points found to be randomly scattered along the 45 0 line depicted the accuracy of the model. (Fig 2 a) . ANOVA results for the RSM were given in Table 3 . The model was found to be significant and the lack of fit was not significant at 95% confidence level. Among the three independent model terms viz. time and mixing speed were found to be significant in the experimental range. The goodness of fit of the model was checked by determination coefficient (R 2 ). In this case, the value of the determination coefficient (R 2 =97.61) indicated that only 2.39 % of the total variation could not be explained by the model. The value of the adjusted determination coefficient (Adj R 2 =0.9454) was also expressed the model significance. The "Pred R-Squared" of 0.8373 was in reasonable agreement with the "Adj R-Squared" of 0.9454. Additionally the adeq precisior ratio of 16.19 indicated an adequate signal and the model could be used for the navigation of design space. The 3D response surfaces were drawn to present the interactive effects of three independent factors and to present the combined effects of those factors on the endo-glucanase activity. From the Fig 2b, it was clear that the increase in contact time between the fermented mass and the 10% aqueous glycerol solution was effective for the enzyme recovery. Time of 2.5 h was actually found to be sufficient for the leaching out of maximum enzyme in liquid phase at 100 rpm shaking condition. Beyond this range further increase in mixing speed and contact time showed marginal effect on the recovery. At higher temperature (35 0 C) the recovery found to be low may be due to the thermal distortion of the enzyme structure but the range of 25-30 0 C which has also covered the room temperature given acceptable recovery even at lower contact time (1.5-2h). (Fig 2 c) . The contour covering the temperature range of 28-31 0 C and the mixing speed of 100-150 rpm represented maximum recovery (Fig 2d) . During the analysis of interactive effect of two factors on the response the remaining was kept constant at its middle point. Further optimization was done following numerical optimization using the Design expert software. The temperature of operation was targeted as room temperature (25 0 C) and the mixing speed targeted to 100 rpm instead of the range of 0-200 rpm to reduce the utility cost as well as adverse shearing effect on the protein structure. Time of contact was kept in its range and the response was set to be maximized. The validation experiment was done based on the solution received using the model. Finally 32 IU/g of endo-glucanase was achieved when the values of the independent factors were time (2.65 h), mixing (100 rpm) and temperature (26 0 C). The desirability value for the prediction was obtained was 0.847 which was close to 1. Using the model the enzyme recovery had been increased of more than two times compared to unoptimized enzyme recovery. Sequential extraction of endo-glucanase produced during SSF.
The efficiency of extraction of the endo-glucanase from the fermented mass with 10 % aqueous glycerol solution at the optimal solid to liquid ratio (1:5 g/mL) was carried out in four consecutive cycles at the optimized extraction conditions. Fresh extraction liquid was added in each cycle to the fermented mass. It was found that two cycles of extraction were sufficient for the maximum endoglucanase from the fermented mass (data not shown). Rashid et al., 2013 also report maximum enzyme recovery with two washes. After the second extraction the enzyme recovered from the mass was negligible as it was considerably diluted.
CONCLUSION
From the industrial view point the maximum product recovery is always essential as it immediately reflects on the process cost. In the present study a systematic approach was taken for a model development for the maximum recovery of endoglucanase, an industrially important, multipurpose enzyme. The enzyme was produced by SSF using low cost agro residues viz. wheat bran and soy hull crushed. The 10% glycerol solution was found to be the best extractant for the leaching out of the enzyme from the fermented solid mass. The BBDOE approach was proved to be very effective and robust to optimize the recovery process as well as to analyze the interactive effects of the process parameters and it was validated with the actual trials. Repeated endo-glucanase extraction was required up to two cycles to recover maximum endo-glucanase in the solution phase.
